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Abstract 
    Nanocomposite polymers have drawn increased attention over the two last decades because of their distinct 
characteristics in particular superior mechanical and barrier properties.  
In this paper we present our results on the synthesis and the biodegradability of nanocomposite materials, made of 
silicate platelets (montmorillonite and beidellite) dispersed in a crosslinked polyurethane –acrylate and polyepoxide 
matrix.  The compatibility polymer-clay has been optimized by surface modification of clay. The treatment of clay 
was confirmed by FTIR spectroscopy and X-ray diffraction. 
The nanocomposite materials were synthetized by photoinduced polymerization (UV lamp and solar UV). 
The study of curing kinetics obtained show that the addition of organophilic clay has little effect on the conversion of 
acrylates while in the epoxyde, the effect is more pronounced because a some of the protons generated by the photo-
initiator is neutralized by the negative charges dispersed onto clay surface. 
The polymer nanocomposites obtained are transparent, slightly or insoluble in organic solvents. 
Moreover we have demonstrated that the polyurethane –acrylate is biodegradable and the intimate association of the 
reinforcement and the organic matrix at the molecular level decrease this biodegradability.  
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1. Introduction 
 
       Habitually, the nanocomposite materials are synthesized by several methods (melt, solvent, sol-gel or 
in-situ methods) [1-7]. We present here, another way [8-10] of synthesis, the basic idea behind this work 
was to produce nanocomposite materials by photoinitiated in situ polymerization of multifunctional 
monomers and oligomers containing a nano-scale filler, to take profit of the unique advantages of the  
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UV-curing technology:  
- no emission of  volatile organic compounds; 
- synthesis of nanocomposite materials within seconds at ambient temperature; 
- a fine control of the polymerization rate in a large domaine, by adjusting the light intensity... 
We describe here how clay-acrylate and clay-epoxide nanocomposite materials have been synthetized by 
UV-radiation curing, by focusing on both defoliation of the mineral filler and the photopolymerization of 
the resin, as well as on the biodegradability of the UV-cured nanocomposite. 
2.  Experimental 
2.1. Photopolymerizable  formulation
x Acrylate system: 
The formulation used contains a telechelic acrylate oligomer (Ebecryl 8402 from UCB), a reactive diluent 
(Hexanediol-diacrylate from UCB Chemicals), a photoinitiator (TPO from CIBA SC) at 3 wt % and an 
organoclay (montmorillonite or beidellite) at 3 wt %. 
x Epoxide system: 
The photopolymerizable formulation consists of a mixture of epoxide monomers (UVA-6105 from DOW 
Chemicals) and organophilic clay (3 wt %). A triarylsulfonium salt (Cyracure 6990 de Dow Chemicals) is 
used as photoinitiator at concentration of 3 wt %. 
 
2.2. Organophilic clay preparation 
   The clay mineral was made organophilic by treatment with alkylammonium salts. Various alkyl 
ammonium salts have been used according to previously methods [11-13].  
 
2.3. Organophilic treatment confirmation 
 
The organophilic treatment of the mineral clay is followed by X-ray diffraction and by IR spectroscopy. 
Powder X-ray diffraction patterns were obtained with a Phillips  diffractometer X’ pert pro. The IR 
spectroscope used is a  Schimadzu JASCO FT/IR-4100.  
2.4. Synthesis of nanocomposite 
    For the synthesis of our nanocomposite, the first step is the mixing process. Small amount (3 wt %) of 
the organoclay (montmorillonite, beidellite) were dispersed in the UV-curable acrylate or epoxide  
formulation by using an ultrasonicator (Bransonic 25100,Branson Corp) at 50°C for 3 hours to obtain 
stable suspension. The next step is the UV-curing process. 
2.5. Irradiation 
   The formulation was applied onto a KBr cristal with a calibrated bar to obtain a layer with a thickness 
of 36 ȝm. Sample was exposed to the UV radiation of a medium pressure mercury lamp (Philips 
HPK125) and to the solar radiation. All the experiments have been performed at ambient temperature in 
the presence of air. The photopolymerization kinetics was evaluated by using IR spectroscopy. 
3.  Results and discussion
3. 1. Treatment confirmation 
 
    The intercalation of alkylammonium ions within the galleries of the clay was confirmed by
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IR spectroscopy as shown in Figure 1. The IR spectrum shows the appearance of the absorption band of 
C-H at 2900 cm-1 in the case of  treated clay during one, two or three hours. This band is attributed to the 
alkylammonium. 
 
 
 
 
 
Fig.1. The organophilic treatment of montmorillonite (MMT) at different time (1, 2 and 3 hours) 
 
Also the RX diffractogram of the clay shows a decrease of the basal band (d001), this confirms an 
increasing of the space between sheets of treated clay  as shown in fig 2 
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Fig.2. Decreasing of basal bande d001 of montmorillonite (MMT) after alkylammonium treatment 
 
3.2. Polymerization kinetics 
 
The particles of treated clay are introduced into acrylate and epoxide resins and the formulations were 
photopolymerized by UV radiations (fig 3a) or solar radiations (fig  3b).  
We notice in this figure (a and b) that the profile of polymerization does not change. 
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(a)                                                                                   (b) 
Fig. 3. Polymerization  kinetics of acrylate resin with and without clay, (a) under UV lamp; (b) under UV solar                   
Film thickness: 36 ȝm. Atmosphere: air 
a 
The polymerization kinetics of epoxide system is shown in fig 4 (a- by UV lamp radiation, b- by solar 
radiation) . In this case, the clay particles affect the photopolymerization kinetics, because some of 
photogenerated protons is neutralized by the negative charges dispersed onto clay surface. 
                                                                   
 
(a)                                                                             (b) 
 
Fig. 4.  Polymerization  kinetics of epoxide  resin with and without clay (a) under UV lamp; (b) under UV solar film thickness: 36 
ȝm. Atmosphere: air 
 
3.3. Biodegradability 
To study the biodegradability of our materials, several samples of polyacrylate materials were placed in a 
dry soil, at neutral pH, for 60 days. The RTIF spectroscopy was used for follow this process. 
The figure 5 shown the IR spectrum of three samples : (a) neat  polyacrylate  at 0 day, (b) neat 
polyacrylate after 60 days, (c) polyacrylate/organoclay after 60 days.  
We notice in fig.5(b) the appearance of several absorption bands characteristic of the carboxylic function 
(evidence of hydrolysis of polyacrylate): 
- ȞO-H= 2900-3000 cm-1 
- įO-H=1350-1450 cm-1    
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       (a) 
  
                (b) 
 
                                                                                                           (c) 
Fig. 5. Biodegradability of the polyacrylate  polymer (a)without clay (0 day); (b) without clay after 60 days; (c) with clay after 60 
days  
 
The addition of particles clay into the polyacrylate decreases the biodegradability (c)   
4.  Conclusion  
An original method has been developed to synthetize rapidly a variety of nanocomposite materials by UV 
lamp and solar polymerization. For the acrylate formulation, the addition of treated and untreated clay 
 Aicha Salmi et al. /  Physics Procedia  55 ( 2014 )  90 – 95 95
particles (montmorillonite and beidellite) does change the photopolymerization kinetics, but in the case of 
epoxide formulation, we note a decrease in conversion rate of the oxirane function. 
The different polymers synthetized, particulary the polyacrylate presente a biodegradability which 
decreases when we add organoclay particles. 
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